ABSTRACT.--We studied nutritional characteristics of plants in the diets of three closely related, highly frugivorous turacos that inhabit a tropical montane forest in Rwanda: the Great Blue Turaco (Corythaeola cristata), the Ruwenzori Turaco (Musophaga johnstoni), and the Blackbilled Turaco (Tauraco schuettii). The first two species also consume leaves. We compared the physical properties and nutrient contents of fruits and leaves eaten by turacos with those of common but uneaten plant species. Concentrations of hexose sugars were higher in fruits eaten by turacos than in those not eaten. In contrast, concentrations of nitrogen and fatty acids were lower in fruits eaten by turacos than in those not eaten. Leaves of plant species eaten by turacos did not differ significantly in either nitrogen or fiber content from those uneaten. Factors other than nitrogen and fiber, perhaps including secondary defensive compounds, are likely to affect leaf choice by turacos. The Great Blue Turaco ate aquatic plants containing high levels of sodium. We hypothesize that the Great Blue Turaco (which is the most folivorous of the three species) eats aquatic plants with high levels of sodium to help detoxify plant secondary Cedar Waxwings (Bombycilla cedrorum) in temperate forests presented with experimental diets prefer fruits with larger seeds that can be regurgitated rapidly (Levey and Grajal 1991). In this paper, we examine the size, pulp-to-seed ratio, and nutrient content of fruits eaten by three species of frugivorous turacos.
In addition, we recorded incidental observations on turaco feeding behavior whenever we were in the field between August 1989 and January 1993.
Fruit and leaf samples.--Between June 1991 and January 1993, we collected fleshy fruits from tree and shrub species whose fruits were accessible. Samples from species of leaves eaten by turacos were collected if possible. Because turacos fed almost exclusively on young leaves, we collected only young leaves of all species, with one exception. Because the Great Blue Turaco regularly ate mature leaves of Maytenus acuminata, we collected mature leaves from this species. Young leaves of five additional species not eaten by turacos also were collected. In total, we collected 14 of the 28 species of fruits and 7 of the 21 species of leaves eaten by at least one species of turaco, as well as nine species of fruits and five species of leaves that were not eaten by turacos. Selection for "not-eaten" fruits and leaves was based on their abundance relative to the species eaten; most "not-eaten" fruits and leaves included in the analyses were more abundant than "eaten" fruits and leaves.
We used densities of adult trees (dbh • 20 cm) to estimate the relative abundance of different fruits. The seven species of not-eaten fruits included in our analyses comprised five trees and two shrubs. Four tree species whose fruits were not eaten had higher densities than that of Ekebergia capensis, a species whose fruits were eaten by all three turacos (Sun 1995) . The fruit of Bersama abyssinica, a rare tree, was included in our analyses because its leaves were regularly eaten by Great Blue Turacos (hence, its fruit was available). Of the two shrubs whose fruits were not eaten by turacos, Alchornea hirtella was one of five most abundant species at our study site, and Rubus sp. was locally common in territories of the Ruwenzori Turacos that we followed regularly.
Of the species whose leaves were not eaten by turacos but were included in our analyses, the trees $yzygium parvifolium and Carapa grandifiora ranked second and fifth, respectively, in abundance among all 54 tree species present in vegetation plots at our study site, and the shrubs Alchornea hirtella and Lasianthus kilimandscharicus were two of the top five most common species at the study site (C. Sun unpubl. data). Compared with the three lianas whose leaves were eaten by turacos, Monanthotaxis orophila, the liana whose leaves were not eaten by turacos, was rarer than Scheffiera goetzenii, but more abundant than Embelia schimperi and Dalbergia lactea, all of which were eaten (C. Sun unpubl. data; scientific names based on Troupin 1982). Fruits and leaves that we never saw turacos eat may indeed have been actively avoided by the birds, or we may simply have missed seeing turacos feeding on them. This problem can be serious for rare fruits, not only because the birds would seldom encounter these fruits but also because it would be easy for us to miss these events. To reduce this potential bias, we included not-eaten fruits in our analyses only for species that were more abundant than the species known to be eaten by turacos. Twelve additional species of trees had densities higher than Ekebergia capensis (whose fruits were eaten by all turacos) but were not included in our analyses; two species produced little or no fruit during the study period, whereas 10 species produced capsule fruits, fruits with hard husks, or fruits too large for turacos to swallow (C. Sun unpubl. data).
The Data analysis.--We chose not to measure the relative preference of turacos for each species of fruits or leaves, but classified each species as "eaten"or "not eaten." Measuring preferences can be problematic because it requires information on the diet composition of the animal and the relative availability of each food in the environment. Moreover, the outcome depends critically on how many and which foods are considered relevant and included in the analyses (Johnson 1980). Because both the species composition of available fruits and leaves and the abundance of each kind of food changed among months, the preference index for each kind of food would change through time. Furthermore, because the monthly diet diversity of turacos was low, and not all fruits or leaves eaten by turacos were analyzed for nutrient content, it was not feasible to analyze data by month. Data from all 14 months of observations, therefore, were analyzed together, and only "eaten" and "ot-eaten" categories were used. A species of fruit was defined as "eaten" if tufacos had been seen feeding on it during either systematic or incidental observations. Fruits of the shrubs Chassalia subochreata, Galiniera coffeoides, and Rubus sp. were available to the Ruwenzori Turaco but not to the Great Blue Turaco or the Black-billed Turaco (i.e. the latter turacos were never seen foraging in the understory). Thus, these shrubs were included in the diet analyses only for the Ruwenzori Turaco. Fruits of two species were excluded from diet analyses for all turacos (tufacos were never seen eating these fruits): Syrnphonia globulifera fruits had a firm exocarp and were too big for tufacos to swallow, and Ficus ottoniifolia was rare at our study site. However, we present nutritional data for these two fruits for comparative purposes.
We tested for differences among turaco species in nutrient contents of fruits eaten by each turaco species with MANOVA. For each species of turaco, we used ANOVA to examine morphological and nutritional differences in leaves and fruits eaten by the bird versus those not eaten. In addition, we used linear discriminant function analyses to compare all nutritional traits of fruits eaten by the bird versus those not eaten. We did not include morphological traits of fruits in discriminant analyses because the overall sample size of fruit species (23) 
RESULTS
Fruits.--The soluble carbohydrates of fruits were composed mainly of fructose, glucose, and sucrose. Overall, fructose had the highest percent dry mass in the fruit pulp (10.16 + SD of 1.51%, n = 23), glucose ranked second (7.66 + 1.42%), and sucrose ranked lowest (1.18 + 0.24%). Within species, the percent dry mass of either fructose or glucose was significantly higher than that of sucrose (Wilcoxon tests, P < 0.0001 in both cases, n = 23). Because fructose and glucose were similar in their percentages in fruit pulp and in their biochemical properties from the viewpoint of digestion (i.e. they are monosaccharides), these two sugars were combined and treated as "hexose" in subsequent analyses.
Total sugars were significantly higher in fruits eaten by the Great Blue Turaco than in fruits not eaten (ANOVA, F = 10.37, df = 1 and 16, P = 0.005). A similar trend existed for all three turacos (Fig. 1) , although the results were not statistically significant in either the Ruwenzori Turaco (F = 4.08, df = 1 and 19, P = 0.058) or the Black-billed Turaco (F = 0.65, df = 1 and 16, P = 0.434). When the two sugars were analyzed separately, the same trend persisted in hexose but not sucrose, suggesting that the higher sugar content in the fruits turacos ate was due largely to higher hexose content (Fig. 1) .
Nitrogen and fatty acid (hereafter, fat) contents generally were lower in fruits eaten by turacos than in fruits they did not eat (Fig. 1) . The only significant difference, however, was between nitrogen content of fruits eaten and not eaten by the Ruwenzori Turaco (F = 22.53, df = 1 and 19, P < 0.001). The higher fat content in fruits not eaten by turacos was largely due to the fruit of Bersama abyssinica, which had exceedingly high fat content (Appendix 1). If B. abyssinica fruit was excluded from the analysis, the average fat content of fruits eaten by turacos was not different from that of fruits not eaten (Fig. 1) . Nutrient contents in the fruits eaten did not differ significantly among the turaco species (MANOVA, F = 0.06, df = 8 and 50, P = 0.99).
Results from the discriminant analysis were consistent with those of univariate ANOVA; fruits eaten by the Great Blue Turaco were distinguished from those not eaten mainly by their hexose content, whereas fruits eaten by the Ruwenzori Turaco were distinguished from those not eaten by nitrogen content (Table 1) . Considering only species whose fruits were available to turacos (excluding Symphonia globulifera and Ficus ottoniifolia), hexose and nitrogen content within fruits were negatively correlated (r s = -0.360, n = 21, P < 0.05).
Neither pulp-to-seed ratio nor seed size differed between eaten and not-eaten fruits, both within and among turaco species (Table 2) . Although only the Great Blue Turaco was large enough to swallow large fruits (e.g. Strombosia scheffieri), all turacos ate small fruits (Appendix 2), and fruit size did not differ significantly between eaten and not-eaten species (Table 2) . Thus, morphological characters of fruits and seeds that we measured did not explain the patterns of fruit use by turacos.
Leaves.--We found no significant differences in nitrogen content, fiber content, or the ratio of nitrogen to fiber between leaves eaten and those not eaten by either species of turaco that regularly ate leaves (Table 3) . Of the 12 minerals measured in leaves, the concentrations of zinc, iron, and sodium in aquatic plants were substantially higher than those in the two most important terrestrial leaves in the Great Blue Turaco's diet (Table 4) that were high in hexose content ( Turacos had higher levels of sodium, zinc, and iron than the leaves of the two terrestrial species that we analyzed (Table 4) In summary, turacos were selective in using the food resources in their environment. They appeared to prefer hexose-rich fruits over fruits rich in nitrogen or fats. Although turacos might eat leaves to supplement their protein intake, factors influencing leaf choice by turacos are likely to be complex. We hypothesize that the Great Blue Turaco, the most folivorous of the three turacos we studied, requires additional sodium to metabolize secondary compounds in the leaves it ingests. Detoxifying leaf secondary compounds may explain the ingestion of aquatic plants by Great Blue Turacos. b Omitted because the sample was stored in aluminum foil.
